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(57) Abstract: An projection optical system having good optical features without 
being substantially affected by double refraction even when a crystal material show- 
ing an intrinsic double refraction such as fluorite is used. The projection optical sys- 
tem includes a crystal transmitting member formed of a crystal material to form an 
image on a first plane (R) onto a second plane (W). A light transmitting phase correct- 
ing member (PC) is provided for correcting the phase difference between mutually 
orthogonal polarization components produced due to a crystal transmitting member. 
The phase correcting member is formed of a uniaxial crystal with its optical axis al- 
most agreeing with the optical axis (AX1) of an optical system. 
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[ioo] ©m5^T^>Xft*tr«*^*©*^tlRl«K:, A©— **teSgH. ( 

b&a^T, *%WX~te. ^l OHOittft^y^CwTiifc. MUtt [l 

i i] <DnE^7u>xhM<D-m&mB,^ft¥mm£&m&&t>i*zzi£\z£ 

V* tiffiM [111] OSS^7U>XtiS«i [10 0] OtS^7I/>Xi 
*ML*'&:bttfc»&fcW*lfc» m^l^>X^®H-r?>^BilT©^#^^S : tc©M 
-r*n -Hftic* ftN&isatt [ioo] t^-StSit 

^ttflltt [10 0] ©fi5^7 l/>X*ttfflt 5 C ift < . aSIHtt [111] © 
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mS^Tl>>Xi:«Sft«l [10 0] ©*5^7l>>X£©lfi*^bitfc«J:*8&* 
tro«©&**»5c:fcas , T?#*©T?, #^{w#fiJTafeSo Wfc, «*^** 
«j*-r*-r^T©fil5^>XlC*^T3t«li:ll**l [1 1 1] £ 
n 6 ©me V >yC£jt©— IM&ISIi^fTTOKi &m^-&t>-tirS £ t tc «fc D > fi 

*f8^t?tt, ill lB©ifi«'7y7 , CiStJ:5l:, ^H** [10 0] 
©f5^7 l/>XtE©-tt14^ :s PfT 5 l z M^i:^m*-'&fc>-a:S £ 0 , «S 
&Wl [1 0 0] CS5^7U>Xiifii till] ©3:5^7 U>X£&*&* 

ttf-£%Z>Z£tft)frZ>o 2t>\Z, #589iT«, H5*&#lfrUfc:rt«, «a«l [1 
1 1] Ot5^7 U>X i*4S©*BW#tfeS-rsttft«ll C110] ©M5^ 
T l> >Xi A©— WttJISaWTOKt dtfc«fcD, fcSUtt [1 
1 0] ©S5^7V>XtSitt [10 0] ©315^7 W>X£ 

5. 

*EI&WfcjK*$"BT*5. ^12|lIlC^ViT, gj^3fe^PL©3tWAX(C 

^FfftCZtt^, 3fe*AXfcMfrlBl*fc:&^TiSl 2H©«Ilfc¥frfcY*l&, 

m 1 2 8CSt»3l6Sttt, **«©JR9I*fc0M&T*fc»©#«L St I, 
T, ftt^LtfArFI+^lz-lf-Jti (Rfil9 3nm) *&«F 2 U-1f 
-ytm (ifcRl 5 7 nm) *ffi*.TV>5. 3fc«L S BltfflSn&ftJi, JR9!3fc 

**iL^b-c, m^©/^->j&^j5£sn*:i/^;i' o^x^) r^h^-t 
3t«L s tmmyt^m i Ltomo*»H:y- ->>^ <^h^) t& 

©ffilBItt, *^©!RM^V^#:"C*5^U^A^X^aS*^a£©^«tt^ 
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%fa\zft^Tmm&m?zmmtt<Drt*->mi&ifimw2ti2>. v^^)v^- 
vrsh mm*gmvrcmm%:<Dftm\z£r) , v^tDvm (tftt»^xYf 

"7—7)1 (i)iA*J^) WTS^bT, r>:nAX^— vWSJtK:&<^TXY¥ 

Sit¥fT(:§^$nTV^. -eLT, W^;PR±T©&m*©fii8MiiScK:^ 

pl© *$k-D & o \zmmz n, ki*^* p l ©fts&o 

I L L t ©r^O^^Mfcll U?-#)VR 
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LfcT^T, mHjm*5«J:OT^ (RIF, WIF) & 
^^OTHJ^(^®a^^t-^t>-feY^[p]{C»oTl/^^;U7.^-^RS to 

wo#s^6fittt«w5 1 ^;PROA°^->^^^$n^o ^ 

tiT^S. fill 3EI£#!frf il^WJOg^^tt, gn®K8Efi 

£ nfc ^ r © a ^ - > 1 4» mm&j&i&-? z>tc#> <Dmmm<Dm i 
i &«^trvi*. m i mmt^G i 1 4>K«oi)^tio 

2 75ti5a$tlTV^. fg2ft8&#rDfttf^M2te, ^2 ^r^^FSj^^^^fe 
tttt 2 *p B m^ £ ^^^B^fMcD^ 3 mmft^ G 3 fctSjfroTMlSrrs. Z. 
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s& i yt&m v * wmu i ©EJtit* 2 o * w mm 2 ©k*kb £ 

AXUfU i3SSM^G 3 «II«l:l^rc)tfflAX 3 £^Tb, fttfcA 

J8 2J»#3t^«G2'bia*ttK:ffi^fc3fettAX2**b, £©ft$ftAX 
2tiSSP^ttAXiit^T^J:5{riS^$nTV^o ^l^SS^fDtttf 
MM 1 feitflR 2 Tfci&iJT 0 fttf 2 ttt fetC^M^©^!*® £W U 20©S 

TV^o !L©2:3©KSt®©3Si& <flfc*fctt-e©fc«IE*lfi©3&») **»ll&«L 
^GlCAXl, i2gt)t^G2fflAX2 > * «fc » 3 JBfc^JR G 3 
CD AX 3 t-.MbSi^tit^ntV^. 

3=- ^ ;p r j&iKjg £ nfcgl 1 ® £ ^7 a: A W*«tt^ $ tlfcm 2 ® i: © R3 ©^g§ ^Wc 1/ 
3^;PR©» 1 4»|HHfcfe J:tf» 2 »f»W«*»fiR-r* 3 IMfcfflORStJBIfrft** 
IH]®KltMCM«, »l^#£#2*M«^©IHI©%l&'t>fcHI 

mi»^J^#tp^wj©s^^«, u^zjurm (iiiiM) 

^i^xAWi (91 2 SIM) ©3R:fiFfcKI£Srl''fe>HJ >^amT$>5. 
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mimmyt^mG i t<Dym*\z&^xv?-!? )iR(Dftm\zmwznT^z> B £ 
si;:jM*ttfc«» ^^msr^^-rs-r^T©m©i/>x«> ^nns [1 1 
i] tytm (axi~ax3) t^n$^sc-r^j;5tc^$nxvi?>o fit, 

ftffl*IIEgWPCte> 7kH (S i O z ) ^7^X7 (LiCaAlF 6 ) 

fa) t T&oT> ^©^#t*«^l!^^^G KD^ttlAXl tSti-lfcT^d: 

& z&mmiEMtt p c k ck o , 8*^* £it/&-r ^>wsvy 
g-rs©-?, mm\zj-v^>vvv2te&&yt^mz&^xi<^>7)VR (fgi 

if) (D3fi^trSBe$nfetetBffiIETOPC<D^ffl^J;D, lfil*l©&*B^*itIE£*fL 

mpKD±mzm.-DX%i(g\zft? z\ %> 0 

— &?%&5izmj&2nT^te^mi& : b'%mx$>2>o -r^T©mei/>x 

[ill] £&&-ifcbTV>5&^tete<, 3&il$tii [ 1 0 03 ^ 

asma [iio] £mz-%asT^Tb£^ B z\<Dm&. fe*B*&iEmtPCteu 
^gi^Dt, &<D-m&i£M s &tc\tm(D-m&mMiT°i&f&2n%z.Lizte&o 
m^u>x<D^^m^hiiLm^jE^u-pc<D^ii(Dmmz'D^x^ 
&T<D&^Mm&<kzf&&Mmiz&^Tbmmx&z. 

mi 4 m i mmmnm i ^miz^^nm^^m^m^mz^ 
-rn-e&s. &tc, ii50fi mimi&m<Dm2mmm\zfrfr2>®&yt^% s <D 
ffif&*Mifo&)izm?m~e&z>* ii6@n ^in^j»B3^^jtc 
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l 8 EH, ft l s|lt«liz)» 5 «»«i:**5«»moiri5 S«»6iii:it B 

ft i lemm^-m 5 «jgw©a»^*«, ft i mmmo^myt^tmmom 

— «lttlia 3 Fff¥ll«*6a:*tt«*ljE««"P C©E«te«a£W 
*»»l*l«ifiilW4. JWW&fc, ftl*»«T14, ftl40tC^Tct5 
fc, ffiffi*liE«*fPC««, ftlttfctt^JRG 1 tftl^SSSTDfttf^Ml i©M 

©W+icB«*nw*. n-rrtitf* pc*«, mi^mmom 

/£&«©>£&, -r^t?-6i/^^;vRt^W{c^^®©3a^i3gBg$nxv^„ 

Ufca*oT, ft IStENlM&nttllc. (ftl®) <hft#i${;:#*S:&M© 

5fi»fcEtt*nfcfi:ffi4iliE»*tP CCf^ffliii Z> , ttftaffiflltlljE&MFrt© 

ft2 3E»«T?tt, »l5HK:*tJ:5l:, teffl*liE»«-PC«s, ft 3^*%^ 

£G 3 t^iAWt©^©^g&4 J (C*5ViT^3iAW©jfi^f3@3M^nT^?)o b 
&*^T, ftl^Sfi^dt^t^ OiAW (ft 2®) ©ift#l;:gEe£n*:ft*B*£ 
jEffi*fPC©fMIK:J:D* ^^©ffifflStlljEStiWrt©^*^^^^* lcfx"5 
ft3 3E»0mi, ftl 6BfcjKfJ; , 5fc, ffiffi*liEfS*rP c*«, 
I2^M^G2 t^SSSf Dlfttf$£Ml*i£tfM2 £©W©3fcfc+K:, -T&to 

^*©IISlfi:«*fc«:*©ie^tE«SnTVa«©7?, ttl*l©&*I^ffllIE£SI^ 
rt©±«fcS^XWfCff 5 ft4 36»WTtt» ftl78tsn 

51:, maniEmtPcifi* »i»^**Gi©3w+fc*v»-aMfc«fctt 
»jE««-pc©f^fflfc«fcD, ww©ttffi**ii*-r*c:i«^riBic«i:a. 

ft53fc#«T?tt, il8Sl^n5l:, tt«HE«#PC*t, ft3«lffL%¥ 
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J; W©^^^IT«^W^^^fi*aiiIETOP C £ 1 oje*t*A/CV>5*s, Z. 

*. ii^^Gin EiiSK«ilCMt«[«c©v>xt*^rL^ 

ja-r*4»IIB«l©»fi!6fi:«©il£»Ctt, SR 1 %&%x K> miWm 1 *«E«*tiTVi*. 

n 1 ftB&Uf 0 tttfMM 1 tt, ffcllfc^ S ©5fc3fc£fil 2 ^g&ift 0 ft If MM 2 (CIS] 
^oTlfS]t5„ |g2ftS&#T0fttf$iM2te, *Wfc*>S©3fc#SJffl3r 

SI<3!)«2ttlft3t^*G2K|fiiI^oTflllRl-r«. »2i«***G2ll, 

^1 «M#^G 1 &£Z$m 2 tt«tffc**G 2 «<h%(CSiH«{C®OCfe3t 
«AXl*J;«AX2**nfniri/, 3tttAX 1 t3tilAX2ittS^(:Sa 

^^;i/R*^je$nfemi®i:^xAW^S3t$nfem2®t©ra©^?&+fck 
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tBTSS. »2lBtt, «2*fc«©aS2*»0!lK:jto&»*»I^#*© 

«j«s«*»c*-riaTf *«. g 2 mmmom i as^^j:^ 2 &MM<D&m 

1B**> 6 ft 54fcffi» jEfittt P C OEtttttf 2 ^il^J ifflg b T V» * . 

C M'sfr^ 5 3t* t GflffiRft&C 5 RltS tl&XMt. *«S jfiT Sttflt**** 1 
fcffi**liE**j"PC*«i!«*nTViSOTf, *|jE3tt**lli»»Ili36«T?*«. * 

■5 dttfT^S. »2Sfelfi«©*2«»«7?tt, ^21®^t«t5fc, &ffi*t 
lESMtP C*«, Sl2«flyt^*G 2 t^m/\Wi:©|lB©3teK4«fc*Vi*r^xAW 

*2 2Htt, *^Ji»*©»3*lS«f!lfc*^^tS!»^3R©*«*»EttWfc^ 
»2 2H*#Jiarst, *3§fc!fi0g©«iafc^fcra:, l/^^R© 
/^->© + ra**»j£r*fc«>©RltBar3l©t6 1 ^^^G 1 **ATU 
5. »l*Hfc3t##G 1 tt, C3®£#t^CM£1ti£©l/>X£ffllfti&^Dfi&&f 
iMli^fU l^5 1 ^;PR*»6©316*fc*^TS«*ffiF© + BB««rJgri6-r-S. 

^litmG i**»j*-r**n#©»riMB:«©jfi»fcr4, ^2^g§^f otttf 

^M2d5gBg$nTViS. 

fB2 3tK9fO*W , «IM2tt, +IHHft^j&^3t3R*fctt+W«fc*>6© 
)D££S#TM©Sfl 2 tffft^^G 2 fc|Rj#oTfflfirr*. IB 2 ttflOt^G 2 tt. 
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jsTTS. fcfe, *i««^*GittJgi3t»*rD*tf«MiK:«koTL^«k: 
ffiVmi e>nfc^WAX l$fl, »2tt«^3RG2ttiS[*ttfCffir;fc3te«lA 

^^;PRO^^^^^T^2[Hlig^MOSItJa»f^#^l?S^. fLT, EH® 
SM^CM«, l/5P^;i/R<t*P ( m<h©|ia©^&4 1 K@3M£tU [HMSlt^CM 

— ihi a* -5 £ nn ® s it m c m a> & k m s n & ytm t & m m t % ss & ^ 

*tPC#U^;PR£»l*S«tffc¥#G 1 ^©^(C^^TI/fi'Jl'ROja^ 

cEtsnTViso-p, m 2 *fc«£ra«fc, tti*i©&*iii*& 

yttttt.* m3mffim<D&&yt¥&tmi&<Dmi£*m-t2>i!fi, -w&m&w-ft^ 
mm* e> & ^mmm^u p c ©gaa&e*: w- 3 ms^i t mm l t v> s . 

^G2 ©5ttt«t»fc*ViTttM*fctt-€-Oifi»K:BB«$tlTVi*CDT» &*B*t 
jEKMsJ-P C ©f£ffl \z «k 0 «»rt©teffi«*«l«t-r* H titers, fft 3 
|«©l2^m i2 40l:*t«t5K, Sgl&ffiMjEgWPC l^l^i? 
;i/R©i5^CS3S$n, jg2ttffl»JE»*fP C 2*$tttt«*fclM-©ifi#fcE« 
S*lT^5©T, *lffiffi*tIE»WP C 1 ©«UBfc«fcDttrt©ttffii£*!IE&«0 
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fc<D±mzK-DTi%miZft? Z. tfr-C^ . IB2^ffi*jE«J#PC 2 ©Affile J; 0 

^ £ ©StatlcS^T I'? 1 ;i/R <D A ^ - > OftttftS £ x A WJiJC^fife-T 5 fe 
8&©JB»fSCD»2tt«3ie^3RG2i:*fflfitT^*. IlilgM^GlIt CD® 

?6G 2 ttflmttl£BEtffc3fc*!lAX 2 $fL, ^f*AX 1 <h^WAX 2 i»4*ii© 

4 sfe««T? -r^r i:»oxii$nT u * © 

^5 i ^;uR^^$njfc^i®t^iAw^jt$nfc^2istora©3te8&'t i fc 

m 3 meg i mmiz. mto<D&ttmffiTE*mmm<D±mzK^ xmmtzn ?z.t 

-ruiTabSo ^2 7@a, $%4mMM<Dm2%£T&mizfrfrz>&myt¥%(D 
mtft&immz7jkTm°v$>2>c m4&i&m<Dmi &&&&&&& 2 &&m<D&m 

mm^^^mmmmupc<Dmm^m^ni^m4mmmtmmvx^^ a 
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%2 siatt, *nffiwm<Dmsmnmizfrfrz&myt¥momm&mMmz^ 

mtemz, in 5 mmm <d$& l^^j-m, m2 9miz^-t£v\z, yt^om 
tiLWi&rztetniBimzmw-znT^zw, fiffiimpco^itirjif 

ft<DtiLffiM*ffim.TZZ.Ltf»jmiZf3iZ> <> — ^5WJOi2WJT^ 

Z\tUzmfc-£nZ>Z.£f3i<. Tc£:Z.&7 yfcAU^A (B a F 2 ) &<H£ffl^S 
eitfe-C^^o 7 7fliA*'J^A (B a F 2 ) 
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^3 1 m<D77-V7Z 0 1 Kl*3ViT, 1 Uy hCJx/MC^gWI 
*f$n-5. %.<DX^y?3 0 2 {d*5ViT, ^OlP^h^i/MO^IIllI 

0 4^*3V^T> -€"©1 Uy F0D>)iA±O7* hl/v^X h ®^^^frt)tl^> 
7x7^3 0 5 {C^ViT, 1D-; hO'^rc/N.LTl'v'T. M^->$7X^ 

xfflLMte ®i& a ^ - > £ & ^sgfl^ A-r 7. £ x y y h & < # £ z. t ***c 

7T7^3 0 1~7r^y3 0 5TH ^i/MCM^If L, 
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mum., x^^>^x@, vvt. bmMxnm<D&xm&mz>zt\z£-?T. m 
WL±izmfe<D/v?->-t)m!&zn. #l<d*j 5-7 ^ )vt?-Ki&xm4 o 2^wk 

*7-7^J^-f)ieiS4 0 R (Red), G (Green), B 

(Blue) \ZftJfchtc3^>(D\Zy hW7h'J y 2 zmzgrgcmmZntcK) . £ 
fc«R, G, B<D3*<DXh7^7<D7J)V*-<DU&m&* : ¥fe?gmj3falzm 

m4 o 2<Dmz, -k)im.&±xj:n4 o 3^fr£ns. t;nMxii4o 
S/^jv (i&mz:^) ^m*-5tTSo -k;i/m^3i:TX@4 o 0fl*J£, 

-^x@4 o 2 izmzftfc* 7-7 ^ )i?-t<Dffl\zm&>&mAVT. m& 

^<Dm> ; E> ? zL-;Ha^3tTX5g4 0 4fCT, iMtetlfcti/^^ (?& 

jKi^^ibt^^-s-s. ±ft<DmM*mmm?<Dmm-jjmz£ti&, m® 

X*5£W&mm?Z>Z\ Xai©mS^T«, 193nmO^ 

S^^Mt^Ar FX+->YI/- tf-yfrHi^ctel 5 7 nmc9ifcg7fc£#y&T 



mm±<Dmm(Dvsnm 
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T -f ^ □ xA*< X & $3 itf 5 d £ **T? * * . 
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m & <d ffi m 

ffiflBftSjftSiBffitm, (CaF 2 ) -cmOLZtl* ^Utt [111] Sfcfci 

wmA«tt Clin tx&mz&mf£i&&m£ft¥Xk<Dytto£m2&-wc-rz>& 

^ w^iuiB^ t s «— &-r § «fc 5 iz mas, £ nt v n t £ 1. 1 z> &&yt^ 

WBisEaiiflMto-r^Tji/.-flte (caF 2 ) T^fig^n, ^ni* [i i 
i] sfcfj^ii [ill] tyt^mzmmfcmmm t&mz 
-^ctz&sszMf&zn. 

SNett§tt, Ne<No*»JE*r*ft©-«ltt«SiiiT?^$njL^'€-0^ 
^tt^MIH^tt i S K— ffe-r £ <k -5 fc »JA £ tit Vi -5 £ £ t f * 
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7&c 



5. m&<Dm&m3m&M*n4wzf£m<D&myt^mz&\,>T. 

ffiflBA©— WttlSIItt* 7Kft.(SiO a ) tttt-^^il? (LiCaAlF 

6 . m&<D®mm i m^r^tm 2 mizmmv&Myt^&iz&^T. 
mmm&mT&ffimte* m^s (caF 2 ) -vrnm-zn. ssumi [100] 

fej^^tti [100] i^^^mMaitti^^o^t^as-gc-r^^ 

B&fEIEtf)— «k1£l5a». 7 3><fcV£f*5/£2>, (MgF 2 ) TT** £ 
8 . i»3fcGD$gffllf§ 1 2 «K:IB*0!ft»316^*t*V>T» 

t&Kjejaaa««-«,' te (caF 2 ) T»ia*n, ms>n ci 1 0] 

£N e t-r* N e <N o ^iStSAO-tt^iTM^ni^^©^ 
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MfHft(D-W14^a«> tKH (S i 0 2 ) ^tc\^^tsy (L i C a A 1 F 

1 1 . tt^ssiiffi 1 Ji75Sfis 1 0 ^©^-rn^ 1 m\ztm.<D$LB%^mz%> 

1 2 . »#©$SH3i 1 1 1 3i©vi-rn^ 1 m\zmm(D&&yt¥mz& 
1 3 . m&omm'm 1 i/iii^ 1 2 mm^-rnfr 1 ^KiEmo&f^^&f::*, 

ttt&tiLmffiiEMmz. mm&mytm* 1:121s n-r ^ * z. t &&m£-rz>&B 

1 4 . »^w|gffl^ 1 3 mizsd,WL(D&B?t^%k\z&^x, 
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1 5. m&(Dmm?& i mnmrn 1 4«©v>m^i3»caa*©a*^»fc* 

*9IBtt*^*li, ttrfH^ l ® t HtrSBm 2 S£©w©3fegfr+tetaaa# l ®©+ 

1 6 . mutommm i mnmrn 1 5 jg©n-rna> i 

VST, 

miBfi*^*tt» l-3©IHIiS£*«**«*., t&BB£liSiil(rSB«2iH&©|ll! 

©3t»+cmB» i ii©+n«#*»j*« 2 iBrnmoKatusf^XTft d , 

1 7 . St3£©$SHIf5 1 J375SI6 1 5 JS©V>-fna> 1 ai:EtOjftM**K:* 
©3tK+fciWflEJR 1 W©»f»IHMk*JMW* 2 03»«Sl©SltJBJff^*T* 0 > 

i 8 . it#©*sasfi i mnmm 1 5 JH©v>*rn*> i jrkbb*©^^*^ 
©3t»+fci«nBiB i ®©^ i +iHHkfe«ktfai 2 *mm*Mi&?z> 3 msa&^s 
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mmwwR&miz* itutasg 1 ^mmtmmm2 *mmt<Dme>yt®*\zmm2 
1 9 . m&<D&m& i mihrnm 1 2 m<D^~?nfr 1 wz^m^myt^iz^ 

«— str 5 «k 5 fcBa« $ tiT « si t &«r« t -r s . 
2 1 . »*o«h^ 1 mnmrn 2 0 js©v>ma» 1 m\zum<D&&%^mz& 
wisi9!»3t#3Rtt, hubbis 1 wm&&ztm&m2mm(Dmtj\zm£'ru±.> v- 

2 2 . m*0*gH^ 1 JgftSfg 2 1 qio^m^ 1 «KHB*©fS:»3t^*fc* 

2 0 0 nmKTo&fi**ri"*^i'*^viT«riB»iiis©flft&«ria*2iiifc» 



2 3. «riB*lS^»Jt*nfcT^^*KiWf Hul2T*^ 
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24. mcmrafcRjtsnfc^x^&jRisu 1 ^7is^ 2 2 
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